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Introduction
 Coal Seam Gas (CSG) recovery requires the extraction of 
associated groundwaters (CSG Water). 
 
A pilot study (2004-2005) 
has produced 31 groundwater samples from a coal seam gas 
(CSG) exploration well located in Maramarua, New Zealand 
(Figure 1). This well intersects the Kupakupa coal seam (Figure 2), 
within the Waikato Coal Measures (WCM). This research describes 
sources of CSG water chemistry variations, and makes sampling 
and analytical recommendations to minimize these variations. The 
hydrochemical character of these samples is studied using factor 
analysis, geochemical modelling, and a sparging experiment. 
Figure 5. Components of the factor score coefficients for Factor #1.
Sparging & geochemical modelling
A laboratory experiment consisted of sparging  the Maramarua 
CSG water sample collected on 11/06/2005  to measure 
hydrochemical changes with degassing (Figure 7). In addition, 
geochemical modelling of the experimental sparging was carried 
out using a chemical speciation model, Visual MINTEQ v. 3.0. An 
idealized sample was used as input for the model but using the 
initial and final pH values recorded during the sparging 
experiment. These results indicate precipitation of CaCO  (32%), 3
FeCO  (89%), and ZnCO  (95%) at pH 8.6.3 3
CSG Water Character
The 31 CSG Water samples collected exhibit low concentrations 
of calcium and magnesium accompanied by high concentrations 
of bicarbonate and chloride. Also, the sodium concentrations for 
these samples are consistently high (average = 313 mg/L). 
Sulphate levels are generally very low (<2mg/L) and below the 
detection limit. Specific conductance (1284-1424 uS/cm) is fairly 
high, and TDS values are in the range of 702-814 mg/L. The low 
sulphate levels, along with the Na-HCO -Cl chemical signature, is 3
indicative of this well's potential to produce methane gas (Figures 
3 and 4).
Figure 1. Location of Maramarua coalfield and 
sampled well (after Barry et al, 1994 sourced 
from Pope, S, Kenham Holdings Ltd, PR2951, 
Ministry of Economic Development, NZ )
Figure 4. Schoeller diagram for Maramarua C1 
samples collected between August, 2004 and 
June, 2005.  Sulphate concentrations are 
plotted as half the detection limit (1 mg/L).
Factor Analysis
Factor analysis (Figure 5) unveils carbon dioxide (CO ) degassing 2
(Figure 6) as the principal cause of sample variation (about 33%). 
Factor analysis correlates variations in the major ion composition 
(about 17%) to changes in the pumping regime and to aquifer 
chemistry variations due to cation exchange reactions with 
- 2+argillaceous minerals. Variations in Cl  (16%), Ca  (13%), and TDS 
(16%) are likely due to laboratory errors. 
Figure 2. Location of sampled well on N-S cross 
section through the Maramarua coalfield, which is 
divided into sectors (sourced from Pope, S, Kenham 
Holdings Ltd, PR2951, Ministry of Economic 
Development, NZ).
Figure 3. Piper diagram for Maramarua C1 samples 
collected between August, 2004 and June, 2005. 
Sulphate concentrations are plotted as half the detection 
limit (1 mg/L).
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Figure 6. Distribution of major species of dissolved inorganic carbon for the 31 samples collected.
Parameters units Prior to 
sparging 
After sparging
Weight (water + flask) grams 2137 2131  ¯
Specific Conductance uS/cm 1314 1315
pH pH units 7.4 8.6     ­
Alkalinity as mg/L CaCO3 380 380
Ca2+ mg/L 4.8 2.9      ¯
Mg2+ mg/L 2.5 1.9      ¯
SAR 26 32      ­
HCO3- mg/L 462 438     ¯
CO32- mg/L 0.8 12.4    ­
CO2 (aq) mg/L 62 4         ¯
Figure 7. Sparging setup and experimental results.
Conclusions
Hydrochemical variations
Factor #1: up to one third of variations due to CO  degassing2
Other var: mixing of water of varying composition & lab errors
Partial pressure of CO2
pCO  in the aquifer is about 100 times higher than at the surface2
Sampling implications
Avoid degassing during sample collection
Field measurement of pH is important
Alkalinity can be measured in lab (low [Ca] and alkalinity = const.)
Environmental implications
CaCO , ZnCO , and FeCO  precipitation with CO  degassing3 3 3 2
Ca and Mg precipitation yields a SAR increase of up to 23%.
